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1
PROCESSOR FOR ELECTRONIC
ENDOSCOPE AND ELECTRONIC
ENDOSCOPE APPARATUS

TECHNICAL FIELD

The present invention relates a processor for an electronic
endoscope which processes an image signal from an elec-
tronic endoscope and displays video, for example, on a moni-
tor, and an electronic endoscope apparatus including the
above described electronic endoscope and the processor.

BACKGROUND ART

Electronic endoscope apparatuses have been widely used
for observation and diagnosis for a body cavity. The elec-
tronic endoscope apparatus includes an image pick-up device
at its tip portion, and includes an electronic endoscope which
outputs an image signal of an image shot by the image pick-up
device, and a processor for the electronic endoscope which
processes the image signal from the electronic endoscope,
converts the image signal into a video signal having a prede-
termined format (e.g., a video signal in NTSC format) and
displays the video, for example, on a monitor.

Generally, the processor for the electronic endo scope dis-
plays the image picked up by the electronic endoscope on the
monitor as a moving image. Further, the processor for the
electronic endo scope has the function of displaying the
picked up image as a still image in order to make it possible to
more specifically observe an observation target portion.

Displaying of the still image is triggered, for example,
upon detection of pressing of an operation button provided on
the electronic endoscope or the processor for the electronic
endoscope. That is, a frame displayed on a monitor when the
operation button is pressed or a next frame is continued to be
displayed as a still image.

In the above described configuration, a user of the elec-
tronic endoscope is required to press the operation button at
an appropriate timing while checking the moving image dis-
played on the monitor. However, since it is necessary to
operate the electronic endoscope and press the operation but-
ton while checking the monitor, it is not easy to obtain a
desired still image due to delay of the pressing timing of the
operation button. For example, when the operation button is
pressed while the observation target portion is moving, a
problem arises that a blurry still image or a still image
affected by color drift is obtained.

In order to prevent occurrence of a blurry image or a still
image affected by color drift, a processor for an electronic
endoscope having the function described in Japanese Patent
Publication No. JP3497231B (hereafter, referred to as patent
document 1) has been proposed. The processor for the elec-
tronic endoscope described in patent document 1 is config-
ured to store image data of a plurality of latest frames in a
memory, and when an operation for obtaining a still image
(e.g., pressing of an operation button) is performed, the pro-
cessor selects an image having a lower level of blur or color
drift and displayed the selected image as a still image on the
monitor.

SUMMARY OF THE INVENTION

Through use of the processor for the electronic endoscope
described in patent document 1, a still image having a lower
level of blur or color drift can be obtained. However, in the
configuration of the patent document 1, the obtained still
image having a lower level of blur or color drift does not
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2

always correspond to a desired still image, and therefore there
is a case where re-obtaining of a still image is needed. In
addition, in the configuration of patent document 1, no image
data is stored in the memory during a time period from con-
ducting of operation for obtaining a still image to displaying
of the still image on the monitor. Therefore, when obtaining
of a still image is required again, it is necessary to wait until
image data is stored in the memory again, which causes a
problem that a diagnosis time extends.

The present invention is made to solve the above described
problem. That is, the objection of the invention is to provide
a processor for an electronic endoscope and an electronic
endoscope apparatus capable of reliably obtaining a desired
still image in a short period of time.

To achieve the above described object, a processor for an
electronic endoscope according to the invention includes first
and second image storing means and a control means, and the
control means executes control in one of: a first mode in
which the image data is sequentially converted into the video
signal and is outputted, and is sequentially stored in the first
and second image data storing means; a second mode in
which the image data stored in the first image storing means
is outputted, and the generated image data is sequentially
stored in the second image storing means; and a third mode in
which the image data stored in the second image storing
means is outputted, and the generated image data is sequen-
tially stored in the first image storing means. In the second
mode and the third mode, a first reproduction mode in which
a plurality of image data stored in the first and second image
storing means are successively outputted and a second repro-
duction mode in which one of the plurality of image data
stored in the first and second image storing means is repeat-
edly outputted can be switched.

In the above described configuration, when an image shot
by the electronic endo scope is observed as a moving image,
control is performed in the first mode, and when a still image
is obtained, the mode is switched to the second or third mode,
and the immediately previous plurality of image data stored in
the first and second image storing means is displayed succes-
sively. Then, appropriate image data is selected and displayed
on the monitor. In the above described configuration, the
image data shot by the electronic endoscope is stored both in
the first image storing means and the second image storing
means. Therefore, even when a user operates to display a
moving image by returning to the first mode after a still image
is displayed in the second mode and to try to immediately
obtain another still image while checking the moving image,
the user can obtain a still image in the third mode because the
immediately previous image data including the image shot by
the electronic endoscope in the second mode is stored in the
second image storing means.

When the control means may switch from the first repro-
duction mode to the second reproduction mode, the image
data outputted immediately before switching to the second
reproduction mode is repeatedly converted into the video
signal and is outputted.

In the first reproduction mode, the plurality of image data
stored in each of the first and second image storing means
may be sequentially converted into the video signal in reverse
chronological order in regard to a stored time and may be
outputted. In this case, when the mode is switched from the
first mode to the second or third mode, a moving image
reproduced in a reverse direction from a time point of the
switching is displayed on the monitor.

In the first reproduction mode, the plurality of image data
stored in each of the first and second image storing means
may be sequentially converted into the video signal in chro-
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nological order in regard to a stored time and may be output-
ted. In this case, when the mode is switched from the first
mode to the second or third mode, a moving image repro-
duced in a forward direction from a time point wound back for
a certain time period (corresponding to the storage capacity of
the first and second image storing means) from the time point
of the switching is displayed on the monitor.

In the first reproduction mode, each of the plurality of
image data stored in the first and second image storing means
may be successively converted into the video signal a plural-
ity of times and may be outputted. In such a configuration,
when the first mode is switched to the second or third mode,
one frame of image data stored in the first and second image
storing means is continuously displayed over a plurality of
frames. That is, in this configuration, in the state where a
plurality of image data is successively converted into the
video signal and is outputted in the second or third mode, a
moving image is displayed on the monitor in a slow repro-
ducing manner.

The processor for an electronic endoscope may further
comprise a judgment means which receives an input of a
control signal for switching from the first mode to the second
or the third mode and makes a judgment on which of the
second mode and the third mode the control means switches
to when the control signal is inputted, and the control means
may switch from the first mode to the second or the third
mode based on a judgment result of the judgment means.

In this case, the judgment means may make a judgment
such that the second mode and the third mode are alternately
switched each time the control signal is inputted.

The judgment means may make a judgment to switch from
the first mode to the third mode only when the control signal
is inputted within a predetermined time from a time when
switching from the second mode to the first mode is per-
formed. In this case, the predetermined time may correspond
to a number of pieces of image data which can be stored in the
first image storing means.

Preferably, an electronic endoscope apparatus according to
the invention comprises one of the above described proces-
sors for an electronic endoscope, and comprises: a first input
means which receives an input for designating switching
from the first mode to the second or third mode; a second
input means which receives an input for switching from the
first reproduction mode to the second reproduction mode in
the second or third mode; and a third input means which
receives an input for designating switching from the second
and third modes to the first mode by inputting through the first
to third input means.

With this configuration, it becomes possible to obtain a still
image and to release a displaying state for a still image.

The first input means may be identical with the third input
means.

The processor for an electronic endoscope may further
comprise a fourth input means which receives an input for
switching from the second reproduction mode to the first
reproduction mode in the second or the third mode.

With this configuration, when a still image displayed on the
monitor once but the still image is hard to view due to a large
degree of blur and color shift, it is possible to move back to the
mode where the image data stored in the first and second
image storing means is successively displayed on the moni-
tor, and to obtain a still image again.

Furthermore, in this case, the second input means may be
identical with the fourth input means.

As described above, according to the invention, a processor
for an electronic endo scope and an electronic endo scope
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4

apparatus capable of reliably obtaining a desired still image in
a short period of time are realized.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is ablock diagram of an electronic endoscope appa-
ratus according to a first embodiment of the invention.

FIG. 2 is a block diagram illustrating a configuration of a
frame memory accommodated in a processor for an elec-
tronic endoscope according to the first embodiment of the
invention.

FIG. 3 is a timing chart illustrating an image record/repro-
duction operation executed in the electronic endoscope appa-
ratus according to the first embodiment of the invention.

FIG. 4 is a timing chart illustrating a still image reproduc-
tion operation executed by the electronic endoscope appara-
tus according to the first embodiment of the invention.

FIG. 5 is a timing chart illustrating an image record/repro-
duction operation executed in an electronic endoscope appa-
ratus according to a second embodiment of the invention.

FIG. 6 is a timing chart illustrating an image record/repro-
duction operation executed in an electronic endoscope appa-
ratus according to a third embodiment of the invention.

EMBODIMENTS FOR CARRYING OUT THE
INVENTION

In the following, embodiments of the present invention are
explained in detail with reference to the accompanying draw-
ings.

First Embodiment

An electronic endoscope apparatus 1 according to a first
embodiment of the invention is explained with reference to
FIGS. 1 to 4. FIG. 1 is a block diagram of the electronic
endoscope apparatus 1 according to the first embodiment of
the invention. The electronic endoscope apparatus 1 accord-
ing to the embodiment includes an electronic endoscope 100,
a processor 200 for the electronic endoscope, and a monitor
300.

An objective lens 121 and an image pick-up device 120 are
accommodated in the vicinity of a tip portion (an insertion
tube tip part) 111 in an insertion tube 110 of the electronic
endoscope 100. The objective lens 121 converges a subject
image near to the insertion tube tip part 111 onto a light
receiving surface of the image pick-up device 120.

The image pick-up device 120 outputs an image signal
corresponding to the image converged onto the light receiving
surface. The image signal is transmitted to a CCD process
circuit 221 of the processor 200 for the electronic endoscope
via a signal cable 123 inserted into the inside of the insertion
tube 110. The image pick-up device 120 is controlled by
timing pulses inputted to the image pick-up device 120 from
a CCD driving circuit (not shown) accommodated in a con-
nector portion 150 of the electronic endo scope 100. Output
timing of the timing pulses by the CCD driving circuit is
controlled by a microprocessor (not shown) accommodated
in the connector portion 150. In FIG. 1, the electronic endo-
scope 100 and the processor 200 for the electronic endoscope
are illustrated apart from each other for convenience of expla-
nation; however, when the electronic endo scope 100 is used,
the electronic endo scope 100 is connected to the processor
200 for the electronic endoscope electrically and optically by
the connector portion 150.

Inthe processor 200 for the electronic endoscope, the CCD
process circuit 221, an A-D converter circuit 222, a frame
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memory 223, a video process circuit 224, a timing generator
225,aCPU 210, a switch 240, and an illumination device 230
are accommodated. The CCD process circuit 221 executes
processes, such as a noise cut process and an amplifying
process, for the image signal inputted from the image pick-up
device 120, and transmits the signal to the A-D converter
circuit 222. The A-D converter circuit 222 converts the analog
image signal received from the CCD process circuit 221 into
digital image data, and outputs the image data to the frame
memory 223. The frame memory 223 is constituted by a
memory capable of storing a plurality of frames of image data
(which is described later), and is configured to store the image
data under control of the timing generator 225 and to output
the stored image data to the video process circuit 224. The
video process circuit 224 converts the image data outputted
from the frame memory 223 into a video signal (e.g., an
NTSC signal) in a predetermined format, and outputs the
video signal to the monitor 300 connected to the processor
200 for the electronic endoscope. Through the above
described processes, the image near the insertion tube tip part
111 of the electronic endoscope 100 is displayed on the moni-
tor 300.

The CPU 210 of the processor 200 for the electronic endo
scope is connected to each component of the processor 200
for the electronic endo scope, such as the switch 240 and the
timing generator 255, and totally controls the processor 200
for the electronic endoscope and the electronic endoscope
100 in accordance with programs stored in a memory (not
shown). The switch 240 is a user interface through which a
user makes settings or inputs instructions to the processor 200
for the electronic endoscope. For example, the switch 240 is
a freeze button 240aq for obtaining a still image. The CPU 210
makes settings or changes the settings of the processor 200 for
the electronic endoscope and the electronic endoscope 100 in
accordance with an input from the switch 240. In this embodi-
ment, when the electronic endo scope 100 is connected to the
processor 200 for the electronic endoscope, a scope button
140 of'the electronic endoscope 100 is connected to the CPU
210, and the CPU 210 is configured to be able to monitor the
state of the scope button 140. That is, when the scope button
140 is pressed, a scope button input signal SB indicative of
pressing of the scope button 140 is transmitted to the CPU
210, and the CPU 210 is able to judge whether the scope
button 140 of the electronic endo scope 100 is pressed.

The processor 200 for the electronic endoscope includes
the illumination device 230 which generates illumination
light for illuminating the portion near the insertion tube tip
part 111 of the electronic endoscope 100. In the following,
explanation is given for the function of the processor 200 for
the electronic endoscope as an illumination device.

As shown in FIG. 1, the processor 200 for the electronic
endoscope includes a lamp 231, a diaphragm 232 and a con-
denser lens 233. A light guide 130 is provided to extend from
the insertion tube 110 to the connector portion 150 of the
electronic endoscope 100. A tip 131 of the light guide 130 is
arranged near the insertion tube tip part 111 of the electronic
endoscope 100, and a light distribution lens (not shown) is
arranged near the insertion tube tip part 111.

The lamp 231 accommodated in the processor 200 for the
electronic endoscope produces illumination light through
supply of power from a lamp power supply circuit (not
shown). The produced illumination light is incident on the
condenser lens 233 through the diaphragm 232. The light
guide 130 is provided to protrude from the connector portion
150, and in the state where the electronic endo scope 100 is
connected to the processor 200 for the electronic endo scope,
the light guide 130 is inserted into the inside of the processor
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6

200 for the electronic endoscope. In the state where the light
guide 130 is inserted into the processor 200 for the electronic
endo scope, a proximal end 132 of the light guide 130 is
located at a position on which the illumination light collected
by the condenser lens 233 is incident. As a result, the illumi-
nation light produced by the lamp 231 is incident on the
proximal end 132 of the light guide 130, reaches the tip
portion 131 through the light guide 130, and illuminates,
through the light distribution lens, a living body tissue near
the insertion tube tip part 111. The diaphragm 232 is con-
trolled by the CPU 210. That is, by controlling the diaphragm
232, the CPU 210 adjusts the amount of illumination light
incident on the proximal end 132 of the light guide 130 from
the lamp 231, and alters the intensity of the illumination light.

FIG. 2 is ablock diagram illustrating a configuration of the
frame memory 223 accommodated in the processor 200 of the
electronic endoscope according to the embodiment.

As shown in FIG. 2, the frame memory 223 includes a first
memory 223a, a second memory 2235 and a switch circuit
223c¢. Each of the first memory 223a and the second memory
223b is constituted, for example, by a ring-type memory
includinga DRAM, and the digital image data outputted from
the A-D converter circuit 222 is inputted as input image data
VIN. Each of the first memory 2234 and the second memory
223b according to the embodiment is configured to be able to
store 240 frames of image data. Each of the first memory 223a
and the second memory 2235 is connected to the timing
generator 225, and a writing address WA and a first memory
read address RA1 are inputted to the first memory 223a, and
the writing address WA and a second memory read address
RA2 are inputted to the second memory 22354.

The writing address WA is data representative of an address
on the first memory 223a and the second memory 2235 stor-
ing the input image data VIN, and in this embodiment, the
writing address WA is inputted in common to the first
memory 223a and the second memory 2235. Each of the first
memory 223a and the second memory 2235 stores the input
image data VIN at an address indicated by the writing address
WA when being set as a writable state (i.e., in a read-inhibited
state) by the timing generator 225. The input image data VIN
stored in the first memory 223a and the second memory 2235
can beread by designating the first memory read address RA1
and the second memory read address RA2. When the first
memory 223a and the second memory 2235 are not set as the
read-inhibited state (the writable state) by the timing genera-
tor 225, the image data stored at the first memory read address
RA1 and the second memory read address RA2 are respec-
tively read from the first memory 223a and the second
memory 223b, and the image data is outputted as a first
memory output MO1 and a second memory output MO2.

The switch circuit 223c¢ is a circuit for performing switch-
ing of the input signals, and is constituted, for example, with
a multiplexer. To the switch circuit 223¢, the first memory
output MO1, the second memory output MO2 and a through
image signal TS (i.e., the input image data VIN) are inputted,
and under control of the timing generator 225, one of the first
memory output MO1, the second memory output MO2 and
the through image signal TS is selected and is outputted as an
output image data VOUT. Then, the output image data VOUT
outputted from the switch circuit 223c¢ is transmitted to the
video process circuit 224.

As described above, the frame memory 223 accommo-
dated in the processor 200 for the electronic endoscope
according to the embodiment includes the first memory 223a
and the second memory 2235 each of which stores the plu-
rality of frames of image data, and the image data stored in
these memories is read under control of the timing generator
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225. The timing generator 225 is controlled by the CPU 210
(FIG. 1), and by execution of a program stored in a memory
(not shown) by the CPU 210, an image recording/reproducing
operation which is described later is executed.

Next, the image recording/reproducing operation executed
by the electronic endoscope apparatus 1 according to the
embodiment is explained with reference to FIG. 3. FIG. 3 is a
timing chart illustrating the image recording/reproducing
operation executed by the electronic endoscope apparatus 1
according to the embodiment. In FIG. 3, to signals common to
FIGS. 1 and 2, the same reference numbers are assigned.

When the electronic endoscope 100, the processor 200 for
the electronic endoscope and the monitor 300 are turned on,
as described above, the image signal outputted from the
image pick-up device 120 is transmitted to the CCD process
circuit 221, and is digitized by the A-D conversion circuit 222,
and then the input image data VIN is sequentially inputted to
the frame memory 223. The CPU 210 of the processor 200 for
the electronic endoscope executes the program stored in the
memory (not shown) to start the image recording/reproduc-
ing operation.

FIG. 3 shows the states of each signal (data) inputted to or
outputted from the frame memory 223, the scope button input
signal SB indicative of pressing of the scope button 140 and
the freeze button input signal FB indicative of pressing of the
freeze button 240a. Numbers (without parentheses) assigned
to the input image data VIN is used for convenience of expla-
nation, and indicates the frame number of the input image
data VIN sequentially inputted to the frame memory 223. In
addition, numbers (without parentheses) assigned to the
through signal TS, the first memory output MO1, the second
memory output MO2 and the output image data VOUT indi-
cate the relationship between these signals and the input
image data VIN. For example, output “238” of the output
image data VOUT indicates that the input image data VIN
inputted to the frame memory 223 as “frame number: 238 is
outputted. Furthermore, numbers with parentheses assigned
to the writing address WA, the first memory read address RA1
and the second memory read address RA2 indicate the
addresses to be accessed in the first memory 223a and the
second memory 22354.

As shown in FIG. 3, in the state where the first memory
223a and the second memory 2235 are in the writable state
(the read-inhibited state) (i.e., during a time period to the time
T1 at which the scope button input signal SB is inputted),
when the input image data VIN is inputted to the frame
memory 223, the input image data VIN is stored at the address
indicated by the writing address WA in the first memory 223a
and the second memory 223b. The writing address WA is
incremented each time the input image data VIN is stored
under control of the timing generator 225. Therefore, in this
state, the input image data VIN successively inputted to the
frame memory 223 is stored in the first memory 223a and the
second memory 2235 at the address indicated by the writing
address WA. As described above, since each of the first
memory 223a and the second memory 2235 is constituted by
the ring-type memory capable of storing 240 frames of image
data, after the image data of the 240-th frame is stored, the
writing address WA is set as “1”, and the memory area in
which the image data of the first frame is stored is overwritten
with the image data of the 241-th frame. As described above,
during a time period to the time when the scope button 140 is
pressed (a time period to the time T1 when the scope button
input signal SB is inputted), 240 frames of the image data are
sequentially stored in the first memory 223a and the second
memory 2235 in an updating manner. The switch circuit 223¢
is configured to select and output the through signal TS until
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the scope button 140 is pressed, under control of the timing
generator 225. Therefore, the same data as the input image
data VIN is outputted as the output image data VOUT. As
described above, the state where the input image data VIN is
sequentially stored in the first memory 223a and the second
memory 2235 and the through signal TS is outputted as the
output image data VOUT is referred to as a first mode.

In the first mode, when the CPU 210 detects that the scope
button 140 is pressed (T1), the CPU 210 controls the timing
generator 225 to execute a first rewind reproduction process.
When the first rewind reproduction process is executed, the
timing generator 225 sets the first memory 223 in a writing-
inhibited state (a readable state) under control of the CPU
210, and after switching the output of the switch circuit 223¢
to the first memory output MO1, the timing generator 225 sets
the first memory read address RA1 to the immediately previ-
ous value of the wiring address WA. Then, each time the new
input image data VIN is inputted to the frame memory 223,
the first memory read address RA1 is decremented. In the
case of FIG. 3, when the scope button 140 is pressed (T1), the
immediately previous wiring address WA is “2”, and the data
stored at the address is the input image data VIN of the “frame
number: 242”. Therefore, when the scope button 140 is
pressed, initially, “2” is set at the first memory read address
RA1, and the input image data VIN of the “frame number:
2427 is read out. Then, each time the new input image data
VIN is inputted to the frame memory 223, the first memory
read address RA1 is decremented as “17, <2407, <2397 . . .,
and the input image data VIN of the frames “frame number:
2417, “frame number: 2407, “frame number: 239 . . . are
sequentially outputted.

As described above, when the first rewind reproduction
process is executed, the image data stored in the first memory
223a is read out in reverse chronological order from the latest
frame, and as a result the video is outputted in a rewinding
manner. The first frame memory 223a according to the
embodiment is constituted by a ring-type memory capable of
storing 240 frames of image data. Therefore, after the 240
frames are rewound, the video returns again to the latest frame
(the frame number 242 in FIG. 3), and the old frames are
sequentially read out again. Even when the first rewind repro-
duction process is executed, the second memory 2235 is still
in the read-inhibited state (the writable state), and the input
image data VIN is sequentially stored at the address indicated
by the writing address WA. As described above, the state
where the image data is read out from the first memory 223a
while storing the input image data VIN in the second memory
2235, and the first memory output MO1 is outputted as the
output image data VOUT is referred to as a second mode.

In the second mode, when the CPU 210 detects that the
scope button 140 is pressed (T2), the CPU 210 controls the
timing generator 225 to stop the first rewind reproduction
process. When the first rewind reproduction process is
stopped, the timing generator 225 sets the first memory 223a
as the read-inhibited state (the writable state), and switches
the output of the switch circuit 223¢ to the through signal TS,
under control of the CPU 210. As a result, the input image
data VIN is sequentially stored in the first memory 223a
again, and the same data as the input image data VIN is
outputted as the output image data VOUT. That is, the mode
returns to the first mode.

When the CPU 210 detects that the scope button 140 is
pressed (T3), the CPU 210 controls the timing generator 225
to execute a second rewind reproduction process. When the
second rewind reproduction process is executed, the timing
generator 225 sets the second memory 2235 as the writing-
inhibited state (the readable state), and switches the output of
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the switch circuit 223¢ to the second memory output MO2
and sets the second memory read address RA2 to the imme-
diately previous value of the writing address WA, under con-
trol ofthe CPU 210. Then, each time the new input image data
VIN s inputted to the frame memory 223, the second memory
read address RA2 is decremented. In the case of FIG. 3, when
the scope button 140 is pressed (T3), the immediately previ-
ous writing address WA is “1”, and the data stored at the
address is the input image data VIN of the “frame number:
7217. Therefore, when the scope button 140 is pressed, ini-
tially “1” is set to the second memory read address RA2, and
the input image data VIN of the “frame number: 721" is read
out. Then, each time the new input image data VIN is inputted
to the frame memory 223, the second memory read address
RA2 is decremented as “240,239”,“238” . .. ;and the input
image data VIN of the “frame number: 7207, “frame number:
7197, “frame number: 718 . . . is sequentially read out and
outputted.

As described above, when the second rewind reproduction
process is executed, the image data stored in the second
memory 2235 is sequentially outputted in reverse chronologi-
cal order from the latest frame, and the video is outputted in a
rewinding manner. The second memory 2235 according to
the embodiment is constituted by a ring-type memory capable
of storing 240 frames of image data. Therefore, after the 240
frames are rewound, the video returns again to the latest frame
(the frame number 721 in FIG. 3), and the old frames are
sequentially read out again. Even when the second rewind
reproduction process is executed, the first memory 223a is
still in the read-inhibited state (the writable state), and the
input image data VIN is sequentially stored at the address
indicated by the writing address WA. As described above, the
state where the image data is read out from the second
memory 2235 while storing the input image data VIN in the
first memory 223a, and the second memory output MO?2 is
outputted as the output image data VOUT is referred to as a
third mode.

In the third mode, when the CPU 210 detects that the scope
button 140 is pressed (T4), the CPU 210 controls the timing
generator 225 to stop the second rewind reproduction pro-
cess. When the second rewind reproduction process is
stopped, the timing generator 225 sets the second memory
223b as the read-inhibited state (the writable state), and
switches the output of the switch circuit 223c¢ to the through
signal TS, under control of the CPU 210. As a result, the input
image data VIN is sequentially stored in the second memory
223b again, and the same data as the input image data VIN is
outputted as the output image data VOUT. That is, the mode
returns to the first mode. It should be noted that, when press-
ing of the scope button 140 is detected thereafter, the above
described mode transition is caused, i.e., each time pressing
of'the scope button 140 is detected, the mode changes in order
of the second mode, the first mode, the third mode, the first
mode.

As described above, in the electronic endoscope apparatus
1 according to the embodiment, each time pressing of the
scope button 140 is detected by the CPU 210, the mode
changes in order of the first mode, the second mode, the first
mode, the third mode and the first mode. In the second mode,
the image data is read from the first memory 223a while
storing the input image data VIN in the second memory 2235,
and the first memory output MO1 is outputted as the output
image data VOUT. In the third mode, the image data is read
out from the second memory 2234 while storing the input
image data VIN in the first memory 223a, and the second
memory output MO2 is outputted as the output image data
VOUT. That is, even when one of the first memory 223a and
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the second memory 2235 is set as the readable state (i.e., the
writing-inhibited state), the other continues to sequentially
store the input image data VIN. Therefore, even when the first
rewind reproduction process or the second rewind reproduc-
tion process is running, the latest 240 frames of image data
can be stored in one of the first memory 2234 and the second
memory 223b. Therefore, as described later, in this embodi-
ment, a still image is obtained in the second mode or the third
mode so as to make it possible to repeatedly re-shoot a still
image without the need for waiting for storing of the image
data in a memory.

FIG. 4 is a timing chart illustrating a still image reproduc-
tion operation executed by the electronic endoscope appara-
tus 1 according to the embodiment, and illustrates in detail the
timing corresponding to T5 to T6 of FIG. 3. In FIG. 4, to
signals which are common to FIG. 3, the same reference
numbers are assigned.

In the second mode, when the CPU 210 detects that the
freeze button 240a (FIG. 1) is pressed (T5), the CPU 210
controls the timing generator 255 to stop decrement of the
first memory address RA1, and the first rewind reproduction
process is stopped temporarily. Then, while the freeze button
240q (FI1G. 1) is pressed (the time period of T5 to T6), the first
memory read address RA1 is maintained at the value imme-
diately before pressing of the freeze button 240a by the CPU
210 (*235” in the case of F1G. 4). Therefore, while the freeze
button 240a is pressed, the first memory 223a continues to
repeatedly output the input image data VIN of the “frame
number: 235 stored in the address. Therefore, while the
freeze button 240q is pressed (the time period of T5 to T6), a
still image of the “frame number: 235” is displayed on the
monitor 300.

The time period of T7 to T8 in FIG. 3 corresponds to the
case where the freeze button 240a (FIG. 1) is pressed in the
third mode, and in this case a still image can also be obtained
as in the case of the time period of T5 to T6.

As described above, in this embodiment, a still image is
obtained in the second mode or the third mode. Therefore, it
is possible to re-shoot a still image repeatedly without the
need for waiting for storing of the image data into a memory.
Therefore, when a desired still image cannot be obtained by
one operation, a desired still image can be obtained in a
relatively short period of time even when re-shooting of a still
image is repeatedly performed.

(Variation of First Embodiment)

In the first embodiment, each time pressing of the scope
button 140 is detected by the CPU 210, the mode is changed
in order of the first mode, the second mode, the first mode, the
third mode, the first mode. However, the present invention is
not limited to such a configuration. For example, in the case
where the mode is changed from the second mode to the first
mode, the mode may be changed to the third mode when
pressing of the scope button 140 is detected within a prede-
termined time period from the transition, and the mode may
be changed to the second mode again when pressing of the
scope button 140 is detected after the predetermined time has
elapsed from the transition. Each of the first memory 223a
and the second memory 2235 according to the first embodi-
ment is configured to be able to store 240 frames of image
data. Therefore, when the frame rate of the image signal
outputted from the image pick-up device 120 is 60 frames/
sec, the image data corresponding to immediately previous 4
seconds is stored in the first memory 223a and the second
memory 2235, respectively. In other words, the image data in
the first memory 223a and the second memory 2235 is com-
pletely replaced (refreshed) at every four seconds. Therefore,
when the mode is changed from the second mode to the first
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mode, the mode may move again to the second mode after the
time period (four seconds) required for refresh of the first
memory 223a has elapsed after the transition.

Second Embodiment

Next, an electronic endoscope apparatus 2 according to a
second embodiment of the invention is explained with refer-
ence to FIG. 5. The electronic endoscope apparatus 2 accord-
ing to the second embodiment of the invention has the same
configuration as the electronic endoscope apparatus 1 accord-
ing to the first embodiment shown in FIGS. 1 and 2, and is
different from the first embodiment only in regard to the
image recording/reproducing operation. In the following, the
different point from the first embodiment is explained in
detail.

FIG. 5 is a timing chart illustrating the image recording/
reproducing operation executed by the electronic endoscope
apparatus 2 according to the second embodiment of the inven-
tion. The image recording/reproducing operation according
to the second embodiment is different from the image record-
ing/reproducing operation according to the first embodiment
shown in FIG. 3 in that the same image data on the first
memory 223a and the second memory 2235 is read out a
plurality of times based on a speed setting input signal SS and
the image is reproduced in a slow rewinding manner in the
second mode and the third mode of the image recording/
reproducing operation.

The speed setting input signal SS is inputted by a user
through the switch 240 of the processor 200 for the electronic
endoscope, and is data indicative of a degree of slow repro-
duction, such as double-slow (x2) or triple-slow (x3). The
speed setting input signal SS is transmitted to the CPU 210 via
the switch 240, and the CPU 210 controls the timing genera-
tor 225 based on the speed setting input signal SS.

As in the case of the first embodiment, in the first mode,
when the CPU 210 detects pressing of the scope button 140
(T1), the CPU 210 controls the timing generator 225 to
execute the first rewind reproduction process. When the first
rewind reproduction process is executed, the timing generator
225 sets the first memory 223a to the writing-inhibited state
(the readable state), switches the output of the switch circuit
223c¢ to the first memory output MO1, and sets the first
memory read address RA1 as the immediately previous value
of the writing address WA, under control of the CPU 210.
Then, when the double-slow (x2) is set to the speed setting
input signal SS (the time period to T9, the time period from
T10), the timing generator 225 decrements the first read
address RA1 each time the input image data VIN correspond-
ing to two frames is inputted to the frame memory 223. When
the triple-slow (x3) is set to the speed setting input signal SS
(the time period of T9 to T10), the timing generator 225
decrements the first read address RA1 each time the input
image data VIN corresponding to three frames is inputted to
the frame memory 223. In the case of FIG. 5, when the scope
button 140 is pressed (T1), the immediately previous value of
the writing address WA is “2”, and data stored at this address
is the input image data VIN of the “frame number: 242”. In
addition, when the scope button 140 is pressed (11), the speed
setting input signal SS is set to the double-slow (x2). There-
fore, when the scope button 140 is pressed, initially the first
memory read address RA1 is set to “2”, the input image data
VIN of the “frame number: 242” is read out. When the new
input image data VIN is inputted to the frame memory 233,
the first memory read address RA1 is kept at “2”, and the input
image data VIN of the “frame number 242 is read out again.
Thus, during the time period to T9, the first memory read
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address RA1 is decremented each time the image data at the
same address of the first memory 223a is read two times.
When the speed setting input signal SS is set to the triple-slow
(x3) at T9, thereafter (during the time period to T10) the first
memory read address RA1 is decremented each time the
image data at the same address of the first memory 223a is
read out three times.

As described above, in this embodiment, when the first
rewind reproduction process is executed, the image data
stored in the first memory 223« is sequentially read out pre-
determined times from the latest data, and the slow rewind
reproduction is performed. Therefore, according to the
embodiment, the user is able to perform an operation (an
operation to the freeze button 240a) for obtaining a still image
while viewing a slow rewinding image. Therefore, it is pos-
sible to obtain a desired still image in a short time period. As
in the case of the first embodiment, the slow rewinding repro-
duction is also performed when the mode moves from the first
mode to the third mode. However, this operation is the same
as the case when the mode moves from the first mode to the
second mode, and therefore explanation thereof is omitted.

Third Embodiment

Next, an electronic endoscope apparatus 3 according to a
third embodiment of the invention is explained with reference
to FIG. 6. The electronic endoscope apparatus 3 according to
the third embodiment of the invention has the same configu-
ration as the electronic endoscope apparatus 1 according to
the first embodiment shown in FIGS. 1 and 2, and is different
from the first embodiment only in regard to the image record-
ing/reproducing operation. In the following, the different
point from the first embodiment is explained in detail.

FIG. 6 is a timing chart illustrating the image recording/
reproducing operation executed by the electronic endoscope
apparatus 3 according to the third embodiment of the inven-
tion. The third embodiment is different from the image
recording/reproduction operation of the electronic endoscope
apparatus 1 according to the first embodiment shown in FIG.
3 in that the first rewind reproduction process and the second
rewind reproduction process are not performed and the image
data stored in the first memory 223a is read out in chrono-
logical order from the oldest data (i.e., a forward reproduc-
tion) in the second mode and the third mode of the image
recording/reproduction operation.

When the CPU 210 detects pressing of the scope button
140 in the first mode (T1), the CPU 210 controls the timing
generator 225 to execute a first forward reproduction process.
When the forward reproduction process is executed, the tim-
ing generator 225 sets the first memory 2234 to the writing-
inhibited state (the readable state), switches the output of the
switch circuit 223c¢ to the first memory output MO1, and sets
the first memory read address RA1 to the value obtained by
adding “1” to the immediately previous value of the writing
address WA.. Then, the timing generator 225 decrements the
first memory address RA1 each time the new input image data
VIN is inputted to the frame memory 223. In the case of FI1G.
6, when the scope button 140 is pressed (T1), the immediately
previous value of the writing address WA is “2”, and therefore
the initial value of the first memory address RA1 is set to “3”
which is obtained by adding “1” to “2”. Then, the input image
data VIN of the “frame number: 3” stored at this address is
read out. Then, each time the new input image data VIN is
inputted to the frame memory 223, the first memory read
address RA1 is incremented as “4”, “5”, “6” . . ., the input
image data VIN of “frame number: 4”, “frame number: 57,
“frame number: 6” . . . is read out sequentially.
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As described above, when the first forward reproduction
process according to the embodiment is executed, the image
data stored in the first memory 223a is read out in chrono-
logical order from the oldest data, and therefore the video is
reproduced and outputted in a forward direction. The first
memory 223a according to the embodiment is constituted by
a ring-type memory capable of storing 240 frames of image
data. Therefore, after 240 frames of image data are repro-
duced, the video returns to the oldest frame again (frame
number 3 in FIG. 3), and new frames are sequentially read out
again.

As described above the image record/reproduction opera-
tion according to the third embodiment is different from the
image record/reproduction operation of the first embodiment
shown in FIG. 3 in that the image data stored in the first
memory 223a is read out in chronological order from the
oldest data. However, the third embodiment is the same as the
first embodiment in that a still image is obtained in the second
mode or the third mode, and provides advantages that a still
image can be re-shot repeatedly without the need for waiting
for storing of the image data in a memory. As in the case of the
first embodiment, when the mode moves from the first mode
to the third mode, a second forward reproduction process
where the image data stored in the second memory 2235 is
read out in chronological order from the oldest data is per-
formed. However, since this process is the same as the above
described case where the mode moves from the first mode to
the second mode, explanation thereof is omitted.

As described above, in the first, second and third embodi-
ments ofthe invention, switching between the first to the third
modes of the image record/reproduction operation is per-
formed based on the operation of the scope button 140 of the
electronic endoscope 100. However, the present invention is
not limited to such a configuration. For example, switching
between the first to the third modes may be performed based
on the operation of the switch 240 of the processor 200 for the
electronic endoscope. Similarly, the freeze button 240a and
the speed setting button 2405 are not limited to the switch 240
of'the processor 200 for the electronic endoscope, and may be
provided on the electronic endoscope 100.

What is claimed is:

1. A processor for an electronic endoscope for processing
animage signal from the electronic endoscope and displaying
an image on a monitor, comprising:

an image data generator that generates a plurality of frames
of' image data from the image signal;

first and second image storages, each of which stores the
plurality of frames of image data;

a signal processor that converts the plurality of frames of
image data into a video signal which is displayed on the
monitor; and

a controller that controls the signal processor and the first
and second image storages,

wherein the controller performs control according to one
of:

a first mode, in which the plurality of frames of image data
generated by the image data generator are sequentially
converted into the video signal and are outputted, and are
sequentially stored in the first and second image data
storages;

a second mode, in which the plurality of frames of image
data stored in the first image storage are converted into
the video signal and are outputted, and the plurality of
frames of image data generated by the image data gen-
erator are sequentially stored in the second image stor-
age; and

10

15

20

25

30

35

40

45

50

55

60

65

14

athird mode, in which the plurality of frames of image data
stored in the second image storage are converted into the
video signal and are outputted, and the plurality of
frames of image data generated by the image data gen-
erator are sequentially stored in the first image storage,

wherein:

in the second mode, a first reproduction mode and a second
reproduction mode are switched from one to another,
wherein, in the first reproduction mode, the plurality of
frames of image data stored in the first image storage are
successively converted into the video signal and are
outputted, and, in the second reproduction mode, one of
the plurality of frames of image data stored in the first
image storage is repeatedly converted into the video
signal and is outputted; and

in the third mode, the first reproduction mode and the
second reproduction mode are switched from one to
another, wherein, in the first reproduction mode, plural-
ity of frames of image data stored in the second mage
storage are successively converted into the video signal
and are outputted, and, in the second reproduction mode,
one of the plurality of frames of image data stored in the
second image storage is repeatedly converted into the
video signal and is outputted;

the processor for an electronic endoscope further compris-
ing:

ajudgerthat receives an input of a control signal for switch-
ing from the first mode to the second or the third mode
and for switching from the third mode or second mode to
the first mode, and makes a judgment on which of the
second mode and the third mode the controller switches
to, when the control signal is inputted in the first mode,

wherein the controller switches from the second mode to
the first mode, when the control signal is inputted in the
second mode,

wherein, in response to the controller switching from the
second mode to the first mode, the judger makes a judg-
ment to switch from the first mode to the third mode only
when the control signal is inputted within a predeter-
mined time from a time when the controller switches
from the second mode to the first mode, and makes a
judgment to return from the first mode to the second
mode when the control signal is inputted after the pre-
determined time has passed from the time when the
controller switches from the second mode to the first
mode,

wherein the predetermined time is determined based on a
maximum number of frames of image data which can be
stored in the first image storage.

2. The processor for an electronic endoscope according to

claim 1,

wherein, when the controller switches from the first repro-
duction mode to the second reproduction mode in the
second or third mode, a frame of the plurality of frames
of image data outputted immediately before switching to
the second reproduction mode is repeatedly converted
into the video signal and is outputted.

3. The processor for an electronic endoscope according to

claim 1,

wherein, in the first reproduction mode of the second or
third mode, the plurality of frames of image data stored
in each of the first and second image storages are sequen-
tially converted into the video signal in a reverse chro-
nological order in regard to a stored time and are out-
putted.
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4. The processor for an electronic endoscope according to
claim 1,
wherein, in the first reproduction mode of the second or
third mode, the plurality of frames of image data stored
in each of the first and second image storages are sequen-
tially converted into the video signal in a chronological
order in regard to a stored time and are outputted.
5. The processor for an electronic endoscope according to
claim 1,
wherein, in the first reproduction mode of the second or
third mode, the plurality of frames of image data stored
in each of the first and second image storages are suc-
cessively converted into the video signal a plurality of
times and are outputted.
6. The processor for an electronic endoscope according to
claim 1,
wherein the judger makes a judgment such that the second
mode and the third mode are alternately switched each
time the control signal is inputted.
7. An electronic endoscope apparatus, comprising:
aprocessor for an electronic endoscope according to claim
4; and
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an electronic endoscope connected to the processor for an
electronic endoscope,

the electronic endoscope apparatus comprising:

afirstinputter that receives an input for designating switch-
ing from the first mode to the second or third mode;

a second inputter that receives an input for switching from
the first reproduction mode to the second reproduction
mode in the second or third mode; and

a third inputter that receives an input for designating
switching from the second and third modes to the first
mode.

8. The electronic endoscope apparatus according to claim

7, wherein the first inputter is identical with the third inputter.
9. The electronic endoscope apparatus according to claim
7, further comprising a fourth inputter that receives an input
for switching from the second reproduction mode to the first
reproduction mode in the second mode or the third mode.

10. The electronic endoscope apparatus according to claim

9, wherein the second inputter is identical with the fourth
inputter.



